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CLAIMS: 

1 . An NMR method, the method comprising: 

providing a sample where the nuclear spin Hamiltonian operator of the component 

molecules of the sample possess one or more symmetry operations; 

creating a quasi equilibrium nuclear spin ensemble state in a sample, said quasi 

eKiviilibrium.nuclear spin ensemble state comprising at least two manifolds of spin states 

which transform differently under said symmetry operations of said Hamiltonian and 

said manifolds having different mean nuclear spin populations; 

allowing said quasi equilibrium nuclear spin rosemble state to remain for a time of 

equal to or substantially greater than 3Tu where Ti is the spin lattice relaxation time; 

breaking at least one symmetry operation of said Hamiltonian; 

applying a sequence of magnetic fields to generate a nuclear magnetic resonance signal 

from said sample; and 

detecting said nuclear magnetic resonance signal. 

2. A method according to claim 1 , wherein said quasi equilibrium nuclear spin 
ensemble state created is a singlet state population. 

3. A method according to claim 1, wherein said quasi equilibriimi nuclear spin 
ensemble state created is a not a singlet state population. 

4. An NMR method, the method comprising: 

providing a sample where the nuclear spin Hamiltonian op^tor of the component 
molecules of the sample possess one or more symmetry operations; 
creating a quasi equilibrium nuclear spin ensemble state in a sample, said quasi 
equilibrium nuclear spin ensemble state comprising at least two manifolds of spin states 
which transform differently under said symmetry operations of said Hamiltonian and 
said manifolds having different mean nuclear spin populations, said quasi equilibrium 
nuclear spin ensemble state not having a singlet state population; 
breaking the symmetry operation of said Hamiltonian; 
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applying a sequence of magnetic fields to generate a nuclear magnetic resonance signal 
firom said sample; and 

detecting said nuclear magnetic resonance signal. 

5. A method according to claim 4, further comprising allowing said quasi 
equilibrium nuclear spin ensemble state to remain for a time of equal to or substantially 
greater than 3Ti, where Ti is the spin lattice relaxation time before breaking at least one 
synomaetry operation of said Hamiltonian; 

6. A method according to any preceding claim, wherein providing a sample where 
the nuclear spin Hamiltonian operator of the component molecules of the sample 
possess one or more symmetry operations comprises reducing the magnetic field to a 
value where a symmetry operation is imposed on the Hamiltonian. 

7 A method according to any of claims 1 to 5,wherein providing a sample where 
the nuclear spin Hamiltonian operator of the component molecules of the sample 
possess one or more symmetry operations comprises applying a radiofirequency pulse 
sequence to eliminate chemical shift differences. 

8. A method according to any of claims 1 to 5, wherein providing a sample where 
the nuclear spin Hamiltonian operator of the component molecules of the sample 
possess one or more symmetry operations comprises subjecting the sample to a 
chemical reaction configured to switch the molecules of the sample between different 
conformational or configurational states. 

9. A method according to claim 8, wherein said chemical reaction is a 
photoisomerization reaction. 

10. A method according to claim 9, wherein said photoisomerization reaction is 
configured to switch a molecule fi:om a mixed cis-trans form to a pure cis form or trans 
form. 
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11. A method according to any preceding claim, wherein creating said quasi 
equilibrium nuclear spin ensemble state comprises subjecting the sample to 
radiofrequency pulses of a magnetic field in a high magnetic field enviromnent. 

12- A method according to any of claims 1 to 10, wherein creating said quasi 
equiUbrium nuclear spin ensemble state comprises reacting an unsaturated symmetric 
molecule with parahydrogen. 

13. A method according to any of claims 1 to 10, wherein creating said quasi 
equilibrium nuclear spin ensemble state comprises reacting an unsaturated non- 
symmetric molecule with parahydrogen and providing the product of the reaction in a 
low magnetic field. 

14. A method according to any preceding claim, wherein said sample with said 
quasi equilibrium nuclear spin ensemble state flows through an apparatus or a body. 

15. A method according to any of claims 1 to 13, wherein said sample with said 
quasi equilibriimi nuclear spin ensemble state is reacted with a second sample. 

16. A method according to any of claims 1 to 13, wherein said sample with said 
quasi equilibrium nuclear spin ensemble state is purified. 

17. A method according to any of claims 1 to 13, wherein said sample with said 
quasi equilibrium nuclear spin ensemble state is placed in contact with a second sample. 

18. A method according to any preceding claim, breaking said symmetry comprises 
transporting said sample into a high magnetic field. 

19. A method according to any of claims 1 to 17, wherein breaking said symmetry 
comprises reacting said saixq)le with a fiuther chemical. 
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20. A method according to any of claims 1 to 17, wherein breaking said symmetry 
comprises subjecting said sample to a photochemical reaction. 

21. A method according to any of claims 1 to 17, wherein breaking said symmetry 
comprises terminating an application of a pulse sequence designed to suppress chemical 
shift differences 

22. A method according to any preceding claim, wharein electromagnetic induction 
is used to detect said nuclear magnetic resonance signal. 

23. A method according to any of claims 1 to 20, wherem the B field from the 
magnetic nuclei is directly detected. 

24. An NMR apparatus, the apparatus comprising: 

means for providing a sample where the nuclear spin Hamiltonian operator of the 

component molecules of the sample possess one or more symmetry operations; 

means for creating a quasi equilibrium nuclear spin ensemble state in a sample, said 

quasi equilibrium nuclear spin ensemble state comprising at least two manifolds of spin 

states which transforai differently under said symmetry operations of said Hamiltonian 

and said manifolds having different mean nuclear spin populations, said quasi 

equilibrium nuclear spin ensemble state not having a singlet state population; 

means for breaking the symmetry operation of said Hamiltonian; 

means for applying a sequence of magnetic fields to generate a nuclear magnetic 

resonance signal from said sample; and 

means for detecting said nuclear magnetic resonance signal. 

25. A method of storing information, said method comprising: 

providing a sample where the nuclear spin Hamiltonian operator of the component 
molecules of the sample possess one or more symmetry operations; and 
creating a quasi equilibrium nuclear spin ensemble state in a sample, said quasi 
equilibrium nuclear spin ensemble state comprising at least two manifolds of spin states 
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which transform differently under said symmetry operations of said Hamiltonian and 
said manifolds having different mean nuclear spin populations; 
assigning a bit value to at least one spin state of said quasi equilibrium nuclear spin 
ensemble state and storing said spin state for a time equal to or substantially greater than 
3Ti, where Ti is the spin lattice relaxation time. 

26. A method of storing information, said method comprising: 

providing ^ sample where the.nuclear spin Hamiltoiuan oporator of the component 

molecules of the sample possess one or more symmetry operations; and 
creating a quasi equilibrium nuclear spin ensemble state in a sample, said quasi 
equilibrium nuclear spin ensemble state comprising at least two manifolds of spin states 
which transform differently under said symmetry operations of said Hamiltonian and 
said manifolds having different mean nuclear spin populations, said quasi equilibrium 
nuclear spin ensemble state not having a singlet state population; 
assigning a bit value to at least one spin state of said quasi equilibrium nuclear spin 
ensemble state and storing said spin state for a time equal to or substantially greater than 
3Ti, where Ti is the spin lattice relaxation time. 

27. An apparatus for storing information, said apparatus comprising: 
means for providing a sample where the nuclear spin Hamihonian operator of the 
component molecules of the sample possess one or more symmetry operations; and 
means for creating a quasi equilibrium nuclear spin ensemble state in a sample, said 
quasi equilibrium nuclear spin ensemble state comprising at least two manifolds of spin 
states which transform differently under said symmetry operations of said Hamiltonian 
and said manifolds having different mean nuclear spin populations; 

means for assigning a bit value to at least one spin state of said quasi equilibriiun 
nuclear spin ensemble state and storing said spin state for a tune equal to or 
substantially greater than 3Ti, where Ti is the spin lattice relaxation time. 

28. An apparatus for storing information, said apparatus comprising: 
means for providing a sample where the nuclear spin Hamiltonian opemtor of the 
component molecules of the sample possess one or more symmetry operations; and 
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means for creating a quasi equilibrium nuclear spin ensemble state in a sample, said 
quasi equilibrium nuclear spin ensemble state comprising at least two manifolds of spin 
states which transform differently under said symmetry operations of said Hamiltonian 
and said manifolds having different mean nuclear spin populations, said quasi 
equilibrium nuclear spin ensemble state not having a singlet state population; 
means for assigning a bit value to at least one spin state of said quasi equilibrium 
nuclear spin ensemble state. 

29. An NMR method as substantially hereinbefore described with reference to any 
of the accompanying drawings. 

30. An NMR apparatus as substantially hereinbefore described with reference to any 
of the accompanying drawings. 

31. A method of storing information as substantially hereinbefore described with 
reference to any of the accompanying drawings. 

32. An apparatus for storing information as substantially hereinbefore described 
with reference to any of the accompanying drawings. 
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